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Baryon triality (-B3) is a ^3 discrete symmetry that can protect the proton from decay. Although 
its realization does not require supersymmetry, it is particularly appealing in the supersymmetry 
as an alternative to the popular i?-parity. We discuss the issues in gauging B3, and present the 
minimal supersymmetric model with B3 as the remnant discrete symmetry of a TeV scale (7(1) 
gauge symmetry. A flavor-dependent U{1) charge is necessary to achieve this, and it results in 
very distinguishable and flavorful predictions for the LHC experiments. We find a complementarity 
between a 2-lepton sneutrino resonance and a 4-lepton Z' resonance in the supersymmetry search 
when a certain condition is satisfied. 

In addition, we introduce baryon tetrality (-B4), which would play an equivalent role if there are 
four fermion generations. 



I. INTRODUCTION 

While the standard model (SM) of particle physics has 
been extremely successful in explaining data, it also casts 
a puzzle associated with the quantum correction of the 
Higgs boson mass. Supersymmetry (SUSY) is a prevail- 
ing new physics paradigm that can address the issue ele- 
gantly, yet a mere supersymmetrization of the SM creates 
other problems. Some problems such as fast proton de- 
cay originate from the fact that the lepton number (L) 
or baryon number [B) violations occur at the renormal- 
izable level unlike the SM. This is because of the scalar 
fields which are superpartners of the SM fermions in the 
SUSY. 

An additional mechanism to control L/B violations is 
a categorical requirement of any SUSY models. While a 
discrete symmetry is presumably the simplest option, it 
is preferred to be accompanied by a gauge origin to avoid 
any potential breakdown by Planck scale physics Jj . 

A typical example of the discrete symmetry from a 
U{1) gauge symmetry in SUSY is i?-parity (equivalent ly, 
matter parity) from U{1)b-l gauge symmetry [^, ISj: 
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i?-parity forbids all renormalizable level L/B violating 
operators and protects the proton from them. Another 
merit of the i?-parity is that it makes the lightest super- 
symmetric particle (LSP) stable, providing a dark matter 
candidate. 

The minimal supersymmetric standard model (MSSM) 
which uses i?-parity has been extensively exploited in the 
literature as a TeV scale SUSY model, and the most ex- 
perimental search schemes for the SUSY are based on this 
model. (For a review, see Ref. Q.) While the MSSM re- 
mains as a charming possibility, it is compulsory to inves- 
tigate other possibilities for the TeV scale SUSY model. 
After all, the MSSM is not the only possibility and the 
best search strategy of the SUSY as well as the associ- 
ated Higgs and dark matter search strategies at the Large 
Hadron Collider (LHC) experiments in other models can 
be different. 

In this paper, we present a SUSY model with B3 



(baryon triality) as the only remnant discrete symmetry 
from a C/(l) gauge symmetry with the minimal particle 
spectrum: 



U{1)b-..l 
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As we will show later, when the minimal particle spec- 
trum is assumed, family-dependent U{1) charges are re- 
quired. (See Ref. @ for a general discussion about the 
family-dependent U{1) charges.) 

When an Abelian gauge symmetry is introduced in the 
SUSY framework, its typical scale is TeV scale if it has 
ordinary size of couplings. The masses of scalar fermions 
get an extra Z?-term contribution from the U{1) gauge 
symmetry. If the SUSY is the solution to the gauge hi- 
erarchy problem, the scalar fermions (such as scalar top) 
should not be much heavier than the electroweak or TeV 
scale. Thus the scale of a new C/(l) gauge symmetry or 
its gauge boson (Z') should not exceed TeV scale unless 
there is a cancellation mechanism. The exceptions to this 
argument can occur when the U{1) symmetry breaking is 
associated with an F and D flat directions. (For the de- 
tailed discussion on the U{1) symmetry breaking scales, 
see Sec. HI in Ref. Q and references therein.) 

Since a light Z' has not been discovered, we expect it 
to be likely around TeV scale which is within the scope 
of the LHC experiments. A TeV scale Z' combined with 
the unique features of the new symmetry can lead to very 
distinguishable predictions for the LHC collider experi- 
ments, as we discuss briefly later in this paper. 

In addition, we discuss the case when the fermion gen- 
eration is four to reflect recent ample interest in the 4th- 
generation scenarios. We introduce B4 (baryon tetrality) 
from 
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which can play the similar role of the B3 in the 4th- 
generation scenario. 

The outline of the rest of this paper is given as follow- 
ing. In Section ini we describe the B3. In Section [Till 
we describe the conditions for a C/(l) gauge symmetry 
to have only the B3 as a residual discrete symmetry. In 
Section HVl we briefly discuss the dark matter and other 



issues in our model where the i?-parity is absent. In 
Section |Vl we quahtatively describe how the LHC phe- 
nomenology of our model can be different from the typical 
SUSY search. In Section IVTl we describe the B4 for the 
4th-generation scenario. 



II. BARYON TRIALITY 

B^ is a Z^ discrete symmetry suggestedby Ibanez and 
Ross in 1992 as an alternative to -R-parity |2|. It can avoid 
dimension 5 proton decay operators (such as QQQL and 
U'^lf^D'^E''), which are allowed by i?-parity. Numerous 
theoretical and phenomenological studies for the models 
based on B^ have followed. (For examples, see Refs. 0- 

[a.) 

The discrete charge of B3 is 



B. 



q 



-B + 2Y mod 3 



(4) 



where Y is hypercharge. (See Table U for the charges.) 
This establishes a selection rule AB = 3 x integer, under 
which B can be violated only by 3 x integer while L can be 
freely violated. Thus the proton decay {AB = 1 process) 
never occurs while the L violating processes can occur at 
the renormalizable level. 

It is well known that B — L is the only anomaly-free 
L'^(l) gauge symmetry unless exotic fields charged under 
the SM gauge groups are added. A caveat is that this 
statement is true only for the family- independent U{1) 
charges. Other C/(l) symmetries are possible when we 
allow family-dependent C/(l) charges. Besides, U{1)b-l 
cannot have the B3 as its remnant discrete symmetry. 

Thus, there are two directions in gauging B3: (i) to al- 
low exotic fermions charged under the SM gauge groups, 
(ii) to allow family-dependent U{1) charges. 

Refs. [IJjIlal dealt with the exotic fermions case, keep- 
ing the MSSM sector charges family-independent. In 
this paper, we keep the minimal particle contents, and 
generalize C/(l) charges from B — L to B — XiL {xi: 
family-dependent value) without adding exotic fields. By 
the minimal particle spectrum, we mean the same parti- 
cle spectrum as the usual supersymmetric B — L model: 
MSSM fields (including 3 right-handed neutrinos) plus 
an additional gauge boson (Z') and two Higgs singlets 
{Si, 82)- Two Higgs singlets with opposite charges can 
cancel the anomaly as two Higgs doublets in the MSSM 
sector do. 

Under B — XiL, the U{1) charges are 

(5) 

. (6) 

(7) 

and z[Si] — ~z\S'^ should be determined by the con- 
dition for the C/(l) to have a Z3 as its total remnant 
discrete symmetry as we discuss in the following section. 
The B — XiL is the same symmetry we used in Ref. [16| . 
There, the goal was to take B — xiL as a gauge origin of 
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TABLE I: Various f/(l) charges and discrete charges. 



the i?-parity. Here, we take it as a gauge origin of B3, 
which we regard as the only remnant discrete symmetry. 
(Thus i?-parity is not conserved^.) 



III. CONDITIONS FOR THE MINIMAL MODEL 

OF B3 

We need to discuss the conditions for our B—XiL model 
with the minimal particle contents (i) to be anomaly-free, 
and (ii) to have B^ as the remnant discrete symmetry. 

For example, [SU{2)l\^-U{1) anomaly-free condition 
(with Nf being the number of family) is 



Nf 



Nf 



NcY,z\Q]+Y. -^[^^l + (^[^"l + ^\Hd\ 



i=l 



Nf 



= 3 X {Nf X 1/3) - ^ Xi -I- (0 + 0) 

= 0. (8) 

The model is completely anomaly-free (for Nf — 3) if 

xi+ X2+ X3 = 3, (9) 

which is required by [SU{2)l]^-U{1) and [U{1)y?-U{1) 
anomalies, while the other anomalies are automatically 
satisfied [l^|. It is clear that B — L is the only family- 
independent choice (i.e. xi = X2 = X3) in the B — XiL. 

Now we consider the conditions for our U{l)B-xiL to 
have the B^ as its only remnant discrete symmetry. 

When a [/(I) gauge symmetry is spontaneously broken 
by a vacuum expectation value (vev) of a Higgs singlet S, 
it leaves Zj^ as a remnant discrete symmetry in general. 
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^ For a review of ij-parity violation, see Ref. [17| |. For the recent 
works in the spontaneous ij-parity violation, see Refs. [la42l|| . 



The relation between the Zjv and its t/(l) gauge ori- 
gin is given as foUowings, after taking the integral U{1) 
charges (which are not common multiples) by appropri- 
ate hypercharge shift and normalization. 

1. A^ = \z[S]\ (or G.C.D. for multiple Higgs singlets) 

2. q[F,] =z[F^] modN 

The q[Fi] and z[Fi] are the Zn and C/(l) charges, respec- 
tively, for each field Fi. 

These conditions basically require every permitted op- 
erator whose total U{1) charge is zero should also keep 
the total discrete charge zero (up to mod TV), even after 
all the Higgs singlets that break the C/(l) gauge symme- 
try are replaced by their vevs. 

The U{1) charges normalized to be integral since Zn 
charges are integers. To keep the Zn irreducible, the 
integral U{1) charges should not be common multiples, 
and since the hypercharge is independently conserved, it 
should be made sure that they are not common multiples 
after any hypercharge shift. 

A complete set of possible Zn discrete symmetry gen- 
erators for the MSSM fields was first identified in Ref. 7] : 
An, Rn, Ln. Among these, A^ is not compatible with 
the so-called /x-term (HuHd), which should exist to ex- 
plain the absence of the very light chargino particle. In 
view of this, a generator of the most general Zj^ for the 
MSSM can be written as, using the basis Bn = RnLn 
instead of usual Rn (see Refs. [ij, [22| for this conven- 
tion) , 



9n — Bf^L 



N^N 



(11) 



o2^J- 



with cyclic symmetries Bp{ = e'^^*"«' and Lm = e' 
Q. The discrete charges of Bn and La? [qb and ql, 
respectively) are shown in Table HI The total discrete 
charge of Zjsi is q = bqB + (-Ql mod iV, which can be 
written as g = -hB - IL + 2bY mod N. 

For our B — XiL model, in order to have a Z3 as a total 
remnant discrete symmetry, U{\) charges of the Higgs 
singlets should satisfy (up to overall sign flip) 



z[Si 



-z[S2 
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as the aforementioned Relation 1 requires. 

Complying the Relation 2, by equating {B — XiL) — 
2Y mod 3 to B3 charges up to overall sign (see Table HI , 
requires Xi mod 3 = 0, i.e. 



Xi — 3 X integer 



(13) 



in order to have B3 as the remnant discrete symmetry of 

the U{1)b-,.l- 

There are many possible choices of Xi that can satisfy 
the required conditions: 



a;, = (0,0,3), (-3,6,0), (9,-3,-3), 



(14) 



From Eqs. ((T2|) and dTS]) . we can see that some Nf can 
possess the U{1) charges that would allow terms such 



as SN'^ or SSN'^, which can induce vev in the scalar 
component of iV^ (right-handed sneutrino) in the absence 
of i?-parity. When z[Nf] = ±3, which is the same as 
the z[S] required by Eq. (J12p . even a more economical 
particle spectrum without the need of two S fields might 
be possible in a similar fashion investigated in Ref. [l9|. 



IV. DARK MATTER AND NEUTRINO MIXING 

In the absence of i?-parity, the LSP is not a good dark 
matter candidate in general. It is still possible to have 
a good dark matter candidate without i?-parity though. 
One possible way is to introduce additional hidden sec- 
tor fields that have charges only under the U{1) gauge 
symmetry. It was illustrated for the case of the family- 
independent C/(l) charge case that the hidden sector field 
can be a stable dark matter candidate, which satisfies the 
constraints from the relic density measurement and direct 
detection experiments [ij, uM ■ 

Another dark matter candidate is the gravitino LSP 
(for instance, see Ref. 2J]). Especially, in the typical 
gauge mediated SUSY breaking scenario [23, the grav- 
itino is much lighter than the other superpartners due 
to the hierarchy between the messenger scale and Planck 
scale. Because of the small coupling and mass, the grav- 
itino LSP may be still long-lived in the absence of the 
i?-parity. 

As discussed in Ref. [16], if all Xi are different for all 
families of leptons, the charged lepton mass matrix and 
the neutrino mass matrix are both constrained to be di- 
agonal unless additional Higgses charged under the new 
[/(I) are introduced. This constrained the allowable Xi 
severely. 

Neutrino sector in our model is more complicated due 
to the contributions from the L violating terms (A, A', /z') 
[2a,[23|. With the additional U{1) gauge symmetry, there 
are also possible mixing terms with high dimensional op- 
erators [2^, [2^ . The high dimensional operators might 
not provide dominant effect in the collider phenomenol- 
ogy, but because of tiny neutrino masses, they may be 
relevant in neutrino sector. 

As an illustration, let us consider Vg-Vr mixing in the 
Xi = (—3,6,0) model (where z[ve\ = 3 and z[j/t-] = 0) 
through the effective trilinear XLLE'^ terms. They are 
given by 



XijkLiLjE^ + 
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with some mass parameter M, which gives an effective 
coefficient 



\jk - ■^ijk + \jk 



(+i){Si}_ (-1) {S2) 
M '1'' M 
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The A: 
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yfei \jk ' \jk ' 



cannot coexist. (If one of 



them is non-zero, the remaining should be zero because 
of the invariance under the U{1) gauge symmetry.) We 
need two X to form a loop for the neutrino mixing. 
This can be achieved by one A from Aj^jsm -^1-^2^3 
term [with total C/(l) charge (3) + (3) + (-6) + (0)] and 

the other from A^+a^ (m)^ -^3-^2^3 term [with total C/(l) 
charge 2 x (3) + (0) + (-6) + (0)] . This contribution to the 
Ve-i^T mixing would be absent in the _R-parity conserving 
model. 

Although some of the solutions in Eq. (fT3)) may not be 
consistent with neutrino data in the end, detailed anal- 
ysis to see whether realistic mixings consistent with the 
experimental data is possible or not would be beyond the 
scope of this paper. Besides, details of the neutrino sec- 
tor may alter if we add more fields or interactions, while 
keeping the same residual discrete symmetry, to address 
issues such as the dark matter and strong CP though it 
might undermine the minimality of the particle spectrum. 
(For instance, see Rcf. 30].) Instead of constraining our 
solutions with specific terms and fields, we find it more 
useful to discuss the full possibilities of the model at the 
LHC in the next section putting aside detailed account 
of the neutrino data^. 



V. FLAVOR-SENSITIVE IMPLICATIONS FOR 
THE LHC 

Because of the family-dependent U{1) charges in 
the lepton sector, there are several sources of flavor- 
dependent leptonic signals predicted for the LHC experi- 
ments. In addition to the flavor-dependent Z' couplings, 
there are L/B violating terms controlled by the U{1). 



OaJ^u-Li 
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(allowed only for x^ = Xi + x^) (18) 


\jk LiQjDf. 
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Further, SM gauge invariances enforce certain antisym- 
metries in the L/B violating couplings: Xijk = —Xjik, 
A" 



\jk 



ikj ■ 



Most of the experimental bounds on the L/B violating 
coefficients are given in terms of the ratio to the super- 
partner masses. Though constrained by various exper- 
iments, quite sizable couplings are allowed. For super- 
partner masses at a few x 100 GeV, universal L violating 
couplings (that is, the non-trivial smallest in all combina- 
tions of ijfc) as large as 0(|A|) - 10-3 and 0( I A' I) - 10"^ 
are allowed. The constraints for individual Xijk and A^ j. 
(that is, for specific choices of ijk) can be much weaker. 




J <? 



^fc q 




(a) 



FIG. 1: Complementarity between (a) the 2-lepton u reso- 
nance (with z[v] =0) and (b) the 4- lepton Z' resonance (with 
z[u\y^O) in the SUSY search. 



For extensive table of bounds and the relevant experi- 
ments, see Ref. jlTl j. 

In the rest of this section, we discuss some of the flavor- 
sensitive predictions of our model for the LHC experi- 
ments. We limit our discussion only to the qualitative 
aspect such as which channels are forbidden while which 
channels are allowed. If we specify the gauge coupling 
constant and masses of particles, we can get quantita- 
tive constraints on the model from the e-fi-T universality 
|33 |. LEP contact interaction constraint [33], and Teva- 
tron dilepton resonance searches [SJ, |33 and more. One 
can find some representative results of the U(l)B-xiL in 
Ref. [16J for a specific set of parameter values. When 
each Xi is different from one another, the SUSY flavor 
changing neutral current in the lepton sector (such as 
/I — > 67, /J, —7- eee) can be forbidden by the U{l)B-xiL 
gauge symmetry [iq . 

(i) Dilepton Z' resonance at the LHC: Dilepton Z' res- 
onance is one of the most direct consequences of any C/(l) 
gauge symmetry. As discussed in Section U the natural 
scale of Z' is TeV scale in the SUSY framework. 

The Z' coupling to lepton is flavor-sensitive in the 
U{1)b-x.l- 



Br(Z' 



-) : Br(Z' -^ ^i+fi-) =x 



-\ - ^2 . 



This means the flrst Z' discovery may depend on the 
lepton flavor. 

For instance, with Xi = (—3, 6, 0), the ee and fifj, event 
rate ratio via the Z' resonance is 1/4. The Z' would 
be discovered by the muon detector much earlier than by 
the electromagnetic calorimeter at the LHC experiments. 
There is no tt resonance in this example. 

The SM background is negligible when we select only 
the events whose invariant mass is near the Z' mass. 
Though it depends on the size of couplings, typically we 
need only L ^ 1 fb^ (to see 10 events of the dilep- 
ton resonance) for Mz' ~ 1 TeV [i6[, which satisfles the 
Tevatron limit on Mz' [3J, [3^ for a given coupling. 

For some other models where the flavor-dependent Z' 
resonances were discussed, see Refs. [la [36l - l38j . 



^ For a recent review on possible mechanisms for neutrino masses, 
see Ref. fsl. 



(a) Dilepton v LSP resonance at the LHC: Dilepton 
sneutrino (i?) LSP resonance is one of the typical channels 
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TABLE IL Some examples of contrasting SUSY search channels at the LHC in the minimal B3 model (with the 1/ LSP). Only 
the light lepton (e, m) final states are considered. It is indicated as "forbidden" when the u LSP production is not allowed by 
the new (7(1) gauge symmetry. It is indicated as "r-included" when the final leptons always include r. 



for SUSY search in the absence of the i?-parity. The 
sneutrino can be produced at the LHC by X'LQD'^ term 
and it can decay into two charged leptons by XLLE'^ term 
(Figure [2 (a)). 

For the simplicity, we will assume only the LSP case 
when we consider a sneutrino resonance. Otherwise, the 
dilepton branching ratio of the sneutrino would be di- 
luted by the decay to the LSP plus SM particles. 

Under U(l)B-xiL, existence of some couplings depends 
on lepton flavors. 

• 1/ production: Presence of A^j,Li(5jD^ requires the 
sneutrino i^i to have charge (z[Li] + l/3 — 1/3 = 0). 

• D decay: Presence of XijkLiLjE^ requires the same 
charges for leptons £j and ik {0 + z[Lj] + z[E^] — 0). 

This means, unlike usual -R-parity violating models, some 
V resonances may be forbidden in our model. 

For instance, with Xi = (—3,6,0) and tv LSP, diagonal 
resonances i/ ^- ee (by A311 = — A131) and MM (by A322 = 
— A232) are allowed, yet 06-diagonal resonances ? — > eM 
(by A312 = — A132) are forbidden. Similarly, there are no 
re, Tfi, TT resonances in this example'^. 

Interestingly, the allowed final states (e"*'e~ and ^i^ pL~ 
only) are the same as the dilepton Z' resonance case in 



^ The oflF-diagonal dilepton u resonance is possible only for Xi = 
(0, 0, 3) and its permutations. This charge assignment is basically 
the same as Refs. [3Cll39ll4(J|. In that case, the model can have 
B-j under which the proton never decays. 



this example. The spin of the intermediate particle (iy 
or Z') can be identified from the angular distribution 
of the leptons though. (For example, see Ref. [41j and 
references therein.) 

The sneutrino LSP at the LHC has been studied in 
the literature. (For instances, see Refs. [iJ, |43, Ej] ) • ^^ 
Ref. [1J|, they obtained the sneutrino production cross 
section a{pp -^ v + X) ~ 10^ fb with A' ~ 0.1 for a 
choice of mSUGRA benchmark scenario. 

Since some of the A' should exist for the sneutrino pro- 
duction, the u LSP branching ratio to the dilepton de- 
cay through A is diluted by the diquark decay through 
A'. Since the bounds on the individual A (for specific ijk 
values) are not severely constrained and they can be even 
weaker for heavier superparticle masses, it may be still 
possible to have relatively large A values that can provide 
considerable dilepton branching ratio though it would 
call for a detailed simulation to make a quantitative pre- 
diction. For an example of the numerical study on the 
dilepton sneutrino resonance at the LHC, see ReL |43| . 

(in) Complementarity between the v and Z' resonances 
at the LHC: While the dilepton sneutrino LSP resonance 
is a good channel to search for the SUSY without R- 
parity, the sneutrino cannot be produced at the LHC 
unless its U{1) charge is zero in our model. What would 
be an alternative way to search for the SUSY in this case? 

Although the v with nonzero U{\) charge cannot be 
produced directly from quarks, its coupling to Z' is guar- 
anteed. The Z' can decay into a pair of the v LSP, and 
each V LSP can decay into 2 charged leptons through the 



A coupling (Figure [T] (b)). If the Z' is heavy enough, 
everything will be on-shell and there will be a 4-lepton 
resonance. Thus, we can find a complementarity between 
the V resonance and the Z' resonance in SUSY search at 
the LHC. 



Direct v production {(iq — > v): 
V production via Z' {qq -^ Z' 
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When Eq. (|T8|) is combined with the anomaly-free condi- 
tion (IH|), it follows that a Xiju term is allowed only when 
either [xi = and k = j] or [xj = and k = i]is satisfied. 
It means that models without vanishing U{1) charge for 
a lepton flavor, such as Xi = (9, —3 — 3), would not show 
the aforementioned complementarity. Then it can be de- 
rived that the a:;i = case has only A122 = — A212 and 
A133 — — A313 as nonvanishing A terms. (Sinfilarly, the 
a;2 = case with only A211 — — A121 and A233 = — A323 
terms, and the 2:3 = case with only A311 — — A131 and 
A322 = -A232 terms.) 

Table |TT] shows some examples containing vanishing Xi 
values in the SUSY search at the LHC with the I? LSP. It 
contrasts the dilepton v LSP resonance and the 4-lepton 
Z' resonance. 

The 4-lepton Z' resonance was first studied in Ref. [4J| 
in the family-independent charge case for the MSSM sec- 
tor with exotic quarks. The complementarity between 
the ? and Z' resonances is absent there though because 
A and A' are switched on/off by a U{1) only simulta- 
neously in the family- independent case. The numerical 
result of Ref. (431 indicates, however, that the 4-lepton 
resonance signal at the LHC can be quite sizable. 

The 6-lepton Z' resonance discussed in Ref. [43] is ab- 
sent in the B — xiL model since Higgs doublets have zero 
C/(l) charges. 



VI. BARYON TETRALITY FOR THE FOUR 
FERMION GENERATIONS CASE 



conditions similar to Eqs. ([9]), (rT2l) . (|T3)) are 

xi -\- X2 -\- X'i -\- Xi = A (anomaly cancellation), (21) 
z[Si] = -z[S2] = 4 (total Zi symmetry), (22) 

Xi = 4 X integer (^4 = 54), (23) 

respectively, in the 4th-generation scenario. 

We shall call the resulting discrete symmetry i?4 or 
baryon tetrality, which has the discrete charge of 



B4 : q= -B + 2Y mod 4. 



(24) 



It has a selection rule of AB = 4 x integer, which forbids 
proton decay {AB = 1 process). 

While it is possible to have the B3 and i?^arity from 
the same gauge origin with Zq = B3 x R2 [16|, it is not 
possible to have the B4 and i?-parity from the same gauge 
origin. It is because Z^ = Zn x Zm requires n and m 
to be coprime to each other. Since it is rather straight- 
forward to extend the LHC phenomenology of Section |V] 
to the 4th-generation case, we will not discuss it in this 
paper. 

Though we have discussed the B3 and B4 in the SUSY 
framework, the absolute proton stability under these 
symmetries does not require the SUSY. In Ref. [43], 
B — 4L4 gauge symmetry was suggested as an auxil- 
iary symmetry of the 4th-generation scenario in the non- 
SUSY framework. There, it demanded 4th-generation 
Majorana neutrino mass term SN^N^ in order to ad- 
dress the dark matter issue with the 4th-generation right- 
handed neutrino, which cannot satisfy Eq. (P^ . 

If we do not consider the 4th-generation right-handed 
neutrino as a dark matter candidate, however, U{1)b-4:L4, 
can satisfy all conditions ((2T|) . (|22p . p3l) and have the 
B4 as a residual discrete symmetry. Further, since the 
B — 4L4 does not particularly require the existence of 
the right-handed neutrinos for the three SM generations 
while having a heavy neutrino, the mechanism of Ref. [SOj 
might be able to produce the necessary neutrino masses 
without introducing the three SM right-handed neutri- 



In this section, we turn our attention to the 4th- 
generation fermion scenarios. Recently, there has been 
ample interest in the 4th-generation models in many as- 
pects including the electroweak precision test |46l - l48| . In 
this view, it would be appropriate to extend our discus- 
sion to the possible 4th-generation scenarios. 

Following the procedure described in Section Hill it is 
straightforward to see what are the conditions to have 
the minimal B — XiL and the counterpart of B^ residual 
discrete symmetry for the 4th-generation scenario. The 



Note that 4-leptons are produced by the X^jf^LiLjE^ terms only 
when they satisfy the condition 1 II8II of x^ = Xi + Xj. Therefore, 
the complementary SUSY search by the 4-lepton resonance holds 
only when this condition is satisfied. 



VII. CONCLUSION 

We presented the minimal supersymmetric model with 
an extra U{1) gauge symmetry containing the baryon tri- 
ality or B3 as its only remnant discrete symmetry. With 
-83, proton stability is guaranteed without i?-parity, but 
the lepton number violating interactions are allowed at 
the tree level. 

Demand of the nunimal particle content requires C/(l) 
charges to be family- dependent. This leads to a flavor- 
dependent phenomenology at the LHC. Interestingly, 
there is a complementarity between the 2-lepton reso- 
nance and the 4-lepton resonance in the SUSY search 
when a condition for the relevant A to exist is satisfied. 



Thus, this model suggests a connection between the pro- 
ton stabihty and the flavor physics in the SUSY frame- 
work. 

We also extended our discussion to the four fermion 
generations case and introduced the baryon tetrality or 
^4, which would play a similar role as the B3 in the 4th- 
generation case. 
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